Field experiments which consisted of the incubation of soil within polyvinylchloride (PVC) tubes inserted in glass jars previously buried in potato crop rows were conducted in order to measure the contribution of soil organic matter and organic amendments to the N nutrition of the crop. The experiments were carried out in Bragança, NE Portugal, in the summer seasons of 1996-1998. Five treatments including farmyard manure, poultry manure, municipal solid wastes, urea and the control were used. Manures and urea were applied in rates which correspond to 100 kg N/ha. However, in the plots of urea treatments some inconsistencies were found, probably originated by the leaching of urea as molecular form to layers below the limit of soil coring. Soil N balance showed that more than 82 % of inorganic N released from organic matter came from the 14 cm soil surface layer.
Introduction
Fertilizer-N recommendation systems maintain a strongly empirical nature across the world since it has not been easy to establish soil N availability indices which could satisfactorily predict the contribution of the mineralization of organic matter to the N nutrition of crops [5, 39] . In addition, it is well known that crop response to the applied N could greatly vary from field to field and among cropping seasons, depending on the natural soil N availability [7, 25] . Thus, the adjustment of N supply to crop needs still remains a very uncertain exercise.
Most of the Portuguese laboratories of soil analysis use soil organic matter as the main indicator of potentially available N to the crops, although additional information regarding topography, soil depth and cropping history is required from the farmers. The model considers an empirical mineralization rate which ranges between 1 and 3 % depending on the soil type and general crop growth conditions, irrespective of the soil organic matter level [34] . Thus, the higher the level of soil organic matter the higher the estimates of soil N availability. This approach has as a main limitation the fact that the organic matter is not necessarily a reliable soil N availability index [11, 15, 17, 21] . On the other hand, several annual crops (winter wheat, rye, maize, sunflower, potato,…) are cultivated in inland regions of Portugal with or without irrigation on soils with low levels of organic matter. Climatic conditions, particularly warm temperatures during most of the year, and frequently excessive soil tillage promote the mineralization of organic substrates. Thus, laboratory estimates for the contribution of these soils to the N nutrition of crops are often negligible. Crop N recovered associated to yield goal is practically the only quantitative variable used for estimating fertilizer-N rates. This approach is also environmentally problematic since it could lead to the calculation of excessive N rates by underestimating the soil N-supplying capacity.
When organic amendments are used, which is usual in potato crop, the difficulties in making fertilizer N recommendations increase, because it is also necessary to predict their contribution to the N nutrition of crops. Several researchers have been involved in searching for indices that could predict the rate and/or the extent of organic materials mineralization [4, 6, 27, 35] , but the success has not been better than the search for indices of soil N availability. The C/N ratio has been probably the most widely used index for assessing N availability from organic amendments. However, even this index has not always provided reliable results [20, 23] .
In situ incubations are techniques which permit to measure the mineralization of soil organic matter under field conditions, since the soil is incubated close to its natural environment. These techniques had great improvement after the initial work done by Eno [8] , who incubated soil cores within buried polyethylene bags. Since then, many researchers have used field methods to quantify soil N flows in agricultural fields [2, 3, 36, 37, 38] , forestry [1, 10, 29] or grassland [14, 18, 22] ecosystems. Since the work of Eno [8] the methodologies have progressed in order to better simulate real field conditions with methods which minimize soil disturbance [1, 29] , or maintaining the presence of roots [18] or earthworms [36] .
In this study an in situ soil incubation that includes aspects from both Eno [8] and
Raison et al. [29] techniques was used. The objectives of this work are (i) to measure the contribution of soil organic matter and organic amendments to the N nutrition of potato crop, (ii) to check the accuracy of the fertilizer-N recommendation program and (iii) to evaluate the accuracy of the incubation technique.
Material and Methods
Study site, climate and soil -The experiments were conducted on Sta Apolónia farming located in Bragança, NE Portugal (41º 49' N, 6º 46' W), during the summer seasons of 1996 to 1998. The climate is mediterranean type, dry and warm in the Summer. Mean annual precipitation is 730 mm, but 86 % of precipitation falling out of the crop growth period. Successful growth of potato is only possible under irrigation.
Mean annual temperature is 11.9 ºC. However, high temperatures over the summer season are considered the most limiting factor to crop growth [32] . Maximum daily temperatures that were reached in each one of the growth seasons were: 34.2 ºC (6 July, 1996), 35.0 ºC (3 August, 1997) and 36.5 ºC (9 August, 1998). The soil was classified as eutric Cambisol [9] . Some other important characteristics of soil fertility are presented in table I.
Experimental design -The field experiments were arranged as a randomised block design with three replicates (3 blocks [19] . Both of the ions were analysed by molecular absorption spectroscopy in a segmented flow analysis system. Gravimetric water content of soil samples was determined on the remaining soil dried in a forced air oven at 65 ºC.
Nitrogen nutrition index -Petiole nitrate content was used as N nutrition index.
Thirty of the youngest fully mature leaves per plot were used for analysis. Petioles were separated from blades, dried and ground. The extracts were prepared by adding 50 ml of distilled water to 1.0 g of tissue sample. The mixtures were shaken for 1 hour and filtered. Nitrate-N concentrations were determined as was referred for soil extracts. Fisher's LSD test.
Results and Discussion

Soil water lost during incubation
To ensure soil moisture close to the field capacity each incubation period started 24 to 36 hours after irrigation or rainfall events, as was referred. There was some water loss during the incubations. However, soil moisture at the end of the incubation periods was on average only 4.2 % (w/w) lower than initial values. Thus, soil moisture conditions seem to have been appropriate for microbial activity.
Soil inorganic nitrogen
Soil The levels of soil NO 3 -N, in the surface 14 cm of soil, over the growth seasons are presented in figure 2 . On the first three dates of sampling of 1997 significantly higher soil NO 3 -N levels in the plots of urea treatments were registered. The rapid hydrolysis of urea followed by nitrification justifies the result. The subsequent decrease in soil NO 3 -N levels is attributed to crop uptake and NO 3 -N leaching below surface 14 cm soil layer, due to precipitation (37 mm between the 1 st and 2 nd sampling dates) and irrigation water.
In the poultry manure plots of 1996 and 1997, soil NO 3 -N levels in the first three sampling dates were higher than in other manures and control plots, despite mean values of no statistical significance (figure 2). The high Kjeldahl-N and inorganic-N content of the poultry manures justify the appearance of high amounts of NO 3 -N in soil surface. Thereafter, leaching below 14 cm soil surface and crop uptake led soil NO 3 -N to a basal level which was similar among all the treatments.
On the first sampling date of 1996 and 1998 high values of NO 3 -N in soil derived from urea were not recorded, since only two days before urea application had elapsed. On the 3 rd date of sampling (23 days after planting) there were also no evidences of the presence of nitrates derived from urea. Nitrate leaching below 14 cm, due to crop irrigation, and crop uptake could be used to explain the result.
After the 3 rd sampling date, crop uptake and irrigation water maintained soil NO 3 -N in a basal level similar for all the treatments and years. Close to the end of the cropping seasons soil levels seem to increase, particularly in 1998 and 1996. The end of irrigation and crop uptake with continuous mineralization of organic substrates would have permitted NO 3 -N accumulation.
Nitrogen mineralization rates
Net N mineralization rates were estimated from the temporal variation in NH 4 -N + in the three consecutive years, and were the higher values among organic amendments.
The lower values of C/N ratio and the higher inorganic-N content (table II) The differences among the years must be justified with the differences in native soil N availability.
Crop nitrogen nutrition status
To check the accuracy of the incubation technique in predicting the contribution of soil and organic amendments to the N nutrition of plants, petiole nitrate concentrations, the most sensitive N indicator in potato plants [13] 
Soil N balance
The incubation technique could not provide information about the contribution of soil below 14 cm to N nutrition of plants. In order to understand what happened in the entire arable layer it was necessary to establish the soil N balance. In order to achieve it, the data of the control treatments were used since N losses from these plots are minimal. The laboratory estimates of N available from native soil organic matter based on pre-plant soil analysis were 12, 9 and 18 kg N/ha, respectively for 1996, 1997 and 1998.
The results were obtained using a constant net N mineralization rate of 3 %, considering 4 months as the length of the cropping season and using other information contained in table I (bulk density, fine separates and soil organic matter) [34] . Measured values in field incubation accounted to 83.2, 53.2 and 69.7 kg N/ha in 1996, 1997 and 1998, respectively, even if only the surface 14 cm of soil was considered (table III) . Thus, the estimates of the laboratory were comparatively low and significant amounts of N seem to become available without being taken into account in N recommendations.
Conclusions
The experiments showed that soils with low organic matter content could supply The diurnal changes in soil temperature could occur; soil moisture along each incubation period was adequate; glass jars prevented nitrate losses by diffusion, leaching and crop uptake; denitrification was prevented by controlling excess moisture and permitting some aeration (tube holes); and sequential analysis avoided the inhibitory effect of nitrate accumulation in nitrifying organisms. In addition, insect damage was not a problem and the process of putting in and taking out the soil cores from the jars could not be easier. excluding the data of urea treatments.
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